VULC2N: An Extension of The Smart/ Shea

Proton Prediction Model

J.Spagnuolo Jr,
U.M. Schwuttke
Cecilia Han

Felipe Hervias

Jet Propulsion laboratory
California lnstitute of Technology

Pasadena, California 91109

abstract

The proton prediction system (PPS86)developedyy Smart and Shea determines
the fluxes of solar {lare ejected protons in the vicini y of the earth. VUI.CAN
(Visual Utility for the Localization of Corona Accelerated Nucled) is an extension
of PPS86 in that it computes fluxes at arbitrary points of the solar system.
Further, VUILCAN has interactive graphical components which enhance the user’s
overall perception of a solar flare’s effecls upon the solar system while providing
him with precise and accurate data of his choice. VUILCAN has a predictive capabil-
ity regarding the times and magn tudes of proton fluxes since the flare related
electromagnetic data used to run VULCAN arrives in minutes as oppos ed t o hours or
days for the protons. For JPI operationg, advantages associated with this forecast-
ing capability include improved efficiency in sclving ground 1ink problems, options
for delaying communications between ground stations and spacecraft until peak
disturbances have subsided and coppoertunities for conducting possible science

obscervations. A data base of flare events is meintained and can be used for a



retroactive analysis when it is desired to know if protons from a previous solar

flare might have had an effect on certain facets of mission operations.

Introduction

The occurrence of solar flares can caure a varjety of difficulties in
spacecraft mission operations]. The Magellan mission star tracker problems and
certain Galileo bit corruption problems have been attiributed to solar flares.
Further, solar flares can cause communications failures due to the impact of
protons upon the delicate transmitting and receiving eguipment aboard spacecraft,
Detailed knowledge of the intensity of the proton fluxes over time from a detected
flare can provide information to mission personnel that would enable them to
minimize the effect of flares on operations. Jurther, i{ some aspect of mission
operations exhibited uncxpected behavior in the past, it would be useful to rule
out or demonstrate the pessibility that a solar flare might have heen the source
of the problem. Such a retroactive analysis hes already been done with respect to
Mars Obsecrver[2] and Topex [317.

Smart and Shea [4]1[5) and Heckman [6]) have devised models which predict the
fluxes at earth based upon certain electromsgnetic indicators sent out by the
flares. The Smart/Shea and Heckman models and theiry variants [7] yield flux data
for earth which is of an order of magnitude of the real flux values.

At dPL, it was desired to determine if eny of these existing systems could
be extended to predict proton fluxes for poirts of the solar system other than
carth. Further,it was desired to add appropriate graphics which would enhance the
user ‘s overall perception of the solar flare’'s effects upon the solar system while
providing him, at any time, with the precise and accurate flux data. The solar
flare tool developed at JPL resulting from these specifications is called the
Visual Utility for the localization of Corona Accelerated Nuclei {(VUL.CAN), named
after the Roman god of fire. The theoretical basis for VULCAN is the Smart/Shea

model, referred to as PPS86. Smart and Shea described how to extend their model to



the inner heliosphere and were readily available for dis cussions on the scientific
as well as practical aspects of their work. These reasons together With the long
documentation and implementation history characterizing PPS86 made it a good choice
for the basis of VULCAN.

VUIL.CAN relies on 1-8 A¥ X-ray data from the National Oceanographic ant
Atmospheric Administration for indication of solar flare activity. The peak flux,
the time of detection and the latitude anti longitude associated With the flare are
also sent. Required planetary data is provided by the spick’ [8] system from the
Navigation Systems Section of The Jet Propulsion Laboratory.

Advantages of using VULCAN include inproved efficiency in solving ground
link and instrumentation failure problems, specific options r-elating to the del ay
of communications between ground stations unt i 1 peak di sturbances have subsi ded,
and pogsible oppor t unities f or conduct i ng scienceobser vati ons. It ghould be men-
tioned that the consensus of the scientific community is that the underlying theory
used in the determination of proton fluxes is valid if the point of prediction “ls
near the plane containing the solar equator . For points away from the solar
equator , breakdown of the propagation theory nay occur . VULCAN has the capability
of incorporating arbitrary trajectories into its grapbics and computat ional mod-
ules to derive a prediction of fluxes at. points away from the solar equator, thus

enabl ing exper imentation Wth the program to determine the 1 imits of the theory.

Fl are &Angle Determ nation

Background

In [9] and [10], Smart and Shea prescribe how to extend their model to various
points in the inner heliosphere near the planc of the solar equator. In addition
to their specifications, a procedure which we refer to as the flare angle extrap-
olation algorithm had to be created to properly compute the fluxes at these points.
In this section we will discuss the algorithm and its associated computations.

1.The SPICE sysytem provides ephemeris data and associated software which accurately computes the
positions of the sun and planets over specified periods of time.



Data used to run VUIL.CAN is sent from the Space Environment laboratory of the
National Oceanic and Atmospheric Administration in Roulder Colorade. Aside from
parameters relating te the time of the flare and its asscociated X-ray data, the
latitude and Jongitude of the flare with respect to the earth’ are sent. The purpose
of the flare extrapolation algorithm is to use these angles to determine the
lJocation of the flare with respect to an arbitrary point in space at which we wish

to compute the [ luxes.

Geometry

In order to describe the flare angle extrapolation algorithm, certain geomet-
rical aspects of the problem together with appropriate definitions will first be
presented.

We define the £-sun plane to be the plance containing the center of the earth
and the north and south poles of the sun and the 1t-sun plane to be the plane
containing the center of an arbitrary point in spacec, 1, and the north and south
peles of the sun. We further define the €-point to be the point contained n the
intersection of the £-sun plane and the solar eguator which is closest to the earth.
Similarly, we define the T-point te be the point in the intersection of the T-sun
plane and the solar equator which is closest to 1. A side view of this perspective
is illustrated in figure 1{(a). Here, the 4 stars represent the north and south
poles of the sun and the center of the earth &nd target. The dashed curved lines

represent. the intersections of each of the planes with the sun’s surface. As shown,

qw,T is the angle between the g-point and the 1-point along the solar equator. It
is this angle that we define as the angle between the carth and 1. Figure 1(b)

represents a top view of this orientaticn. Since the fam liar generalized form of

the pythagorean theorem is used to derive cos(¢e,T), we 1ave (0 < ¢Q,T <m . An

appropriate sign will be given to the angle ¢e,rkmsed upon considerations pre-

sented in the following discussion.

2.The meaning of the phrase ’latitude and longitude with reupect to x' will be moe precisely expressed
in the following discussion.
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As mentioned earlier, the latitude and longitude of the flare are computed
and sent to VULCAN by NOAA at Boulder Coloredo. The Jlatitude of the flare is
measured {rom [0 to w2] and from [0 to -72] going from the solar equator to North
Pole and South Pole respectively. As Jabeled in Figure 1({b) positive longitude is
measured counter-clockwise ({rom the vantage point of the North pole on the solar
equator) from [0 to m] where 0 is the €-poirt. Negative Jongitude is measured
clockwise from [0 to -m). It should be cmphasized that the longitude of a flare
with respect to an arbitrary point T in space is subject to the same interval
conventions as mentioned above except that the flare Jongitude 1s measured in
relation to Lthe T-point. The theory underlying VULCAN is such that if it ie desired
to compute the flux at a poeint in space, then the latitude and Jongitude of the
flare with respect to the point (measured as described above) must be used in the

computation. 1f I, is a Jline drawn from sun center to the center of the point in

space, and 11 ¢1”p is the angle between this line and the solar equator,and A.

tis the Jlatitude of the flare on the sun, then the latitude of the flare with

respect to the point is casily given by A - ¢L,p. However, due to the fact that
the longitude of the f{lare is given with respect Lo the ¢ point (and not with
respect to a fixed Jocation on the sun such as the solasr equator for latitude),
the longitude with respect to the earth as sent by Roulder does have to be adjusted
in a more coomplicated fashion to compute flux for points other than at earth. The
purpose of _he flare angl ¢ extrapolat i on algerithmi & to compute this adjusted
longitude g ven the longi tude of the flare as sent by Roulder . 1In order to derive

the proper longitude to compute t he f Jux at a point 1, we MSt use the flare

longitude with regpect Lo earth and the Jongitudinal anq]c‘¢&xt which was as shown
in Figure 1(b).

A denonstiration of what is involved in this computation involves a consul-

tation of Figure 2. Here, the angle ¢F represents the longitude of the flare with

respect to the earth. The guantities qk,nw and qn,ﬁu are the angles between the

earth and the points at positions 1 and 2 1respectively. The poesitions of the
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planet s are computed with respect to an x- y-z coordinate system where the x -y
plane rests in the plane of the solar equator. The guadrants are numbered as
indicated. In genecral, to determine the longitude of a flare with respect to a
point in space, the slgorithm first computes the magnitude of the angle between
the earth and the point in space as defined earlier and then, by examining the
flarc angle, the {lare extrapolation algorithm does a casc by case treatment based
upon the guadrants that the planets are in’ {which is based on the £-point and the
T-point). Using these cases the program determines whether or not to add plus or
minus the angle between the earth and 1 to the already known flare angle for the
carth to obtain the angle between T and the fliare. Vor example, if the earth is in

guadrant 1 and if T is in guadrant 11 as shown in Figure 2,the angle between the

target atl position 1, 1Tp;, and the flare is ¢V - q»,xp . Yurther, if the earth is

in quadrant 1 and Tt is in guadrant 2 then the angle between the flare and 1 at

position 2 is ¢F +*QMyTn/. In cases where the angle falls out of the intervals [0,
n) and [0, -m] mentioned earlier, the program will properly adjust it, thus
yielding the Jongitude of the {lare with respect to 1. This adjustment procedure

is further discussed below.

In many cases, knowing which guadrants the earth and target are in is not

sufficient for determining qWJO. For example, if the car th and target are in the

sam¢ qguadrants o1 a-e in opposite guadrants (1 and 111 or 1] and 1V it is not

clear whether to add QM,T to or subtract it from ¢e,t to determine the longitude
of the flare with respect to the point 1. In these cases, the arctan function is
used to determine the relative positions of flare anti target . For example, in

Figure 3, a target in quadrant 111 could be in positions 3 or 4. In position 3,
the angle between the flare and 1 is (I)F - (])z‘,’( .. However, If 1 is at position 4,

the angle between the target and the flsie is ¢F + qm,hw" If a target is in the

37The quadrants are based upon the e-point and the 1-point as discussed esrlier.

+ Note that{for this exanple according to the diagram) this angle falls ocutside of the prescribed
longitudinal jntervals of [0,7), [0,-7). When this happens, the algorithum adds -27 Lo jts value so that
it doces fall in the vrescribed intervals
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same quadrant as the earth, ambiguities arise as well. 1In position 1, the angle
between the flare and 1 io ¢F - q», 71 whereas in position 2 the angle is ¢F +

qk,ﬁu, These ambiguit ies are resclved Ly use of the arctan function. For exanpl e,

it can be determined, that in quadrant | arctan(yn/xqa) > arctan{yy/X;) . W can use

this information to conclude that qk,ﬁq can be subtracted from ¢F to obtain the
correct angular distance between Tand the flare when 1 is in position 1. Further,

using the fact that arctan(yn/xun)} < arctan(y¢/X:),the algorithm adds the angle

qk,ﬁu to ¢F when T is in position 2 to determine the angle beotween the flare and
T, Using similar reasoning for the third quadrant, the fact that arctan(ya/xa) <

arctan{y,/x;) can be used Lo determine that the angle between the target at position
3 and the flare is ¢F - ¢£,Twm Also, Sine-c arctan (ywy/Xw) > arc tan (y¢/%) , the

angle between the {lare and 14 is (1)}*' - ¢£‘,T§w1. The computations in the algorithm
take into account not only the signs of all sngles bul their relative magnitudes
as well. We note that the geometrical relations displayed here were only examples
used to illustrate some of what had to be considered in order to determine the

angle between 1 and ¥ given an initial configuration of ¢, T and .

Analysis

In the last section, we gave an overall view of the spatial orientation
between points (representing planets, spacecraft etc.) which were determined by
certain planes intersecting the solar equator. In this section, we determine the
coordinates of an arbitrary ‘x’-point given the coordinates of an arbitrary point
X . From this, we can then find a general form for the distance between the g-point

and the sun center, a T-point and the sun’s center and the distance between the

¢£-peint and the 1-point. This enables us to determine the angle, qw,T,botweon the
earth and 1T using the generalized pythagorean theorem. We assume that the Cartesian

plane in which all computations are done has as its origin the center of the sun



with 47 and -z axis passing through the North and south poles of the =un.
Given that 1 is an arbitrary point in space, we first determine the equation

of the T-=sun plane. The general equation of a plane given by

Al - o)+ By~ w4 Clz- 20)= 0 (1)
can be reduced, in the case of the T-sun plane, to

Ax-t By- Cz= 0 (2}

due to the fact that it does, by definition, contain the origin. Since the north

pole {(as well as the gsouth pole) is also in the plane, it is true that
Cay= () 2O () (3)

where the coordinates of the North Pole aroe given by (0,0,%Zy). Since the point
(%,,¥,,0) dig the projection of the center of T in the x-y Cartesian plane, it

satisfies the equation and we have

Ax, t By = O (4)

Dividing through by A and renaming B/A to K, we have that

. S, .
apt Ky, = 0 =% K - 'l/l (5)
Jp

implying that the general equation of the T-sun plane is

&€, .
&~y 0 (6)
Y.

To find the exact coordinates of the 1-point it i first determined that

Py (7)



which implies that

@ [ : y
e (Y, (o (;{ Vit a?) (8)
Yp Yp

Rearranging terms gives

9 ‘T’t 2 .’I"[ 9
[ - ey C & 9
(z/z,) v (w) )

and
2 v
) [ ry 9
el 1A (*) (}~> e (10)
Yy p
Thus , the possible coordinates fo r the t-po i nt arc
7"\:) (::f)
a o= - -vww,w,,,:ﬁg,,,; (] l)
I i
Vi )
and

(12)

The plus and minus values are due to the fact that the 1-plane intersects the solar

. 3 '
equat or in 2 pl aces’. We compute the distance from (%, y,, O to each set of coor-

dinates {x+,y+.0)and (x ,¥ -, O where the former denotes the positive ro ots of

(11) and (12) and the latter gives the negative roots. We then choose the coordi-

5.Note that there are only two pairs of coordinates (as opposed to 4) hecause from (6)

the positive
root is used for y ¢» the positive root is used for x.




nates which represent the point which is closer to {%,,y,,0) since the distance fram
i the distance from (%,,y,.0) to the point

- s
directly opposite the T-point on the solar equator. In mathematical terms, 3if we
define

e e T )" o 2
[T o ,
di: ap (- 1) a2\ Ay 1) A (13)
3/], ' ‘/[1
then
, (-, y) if dy= minf{dy, dy}
7 - point : ’ ) R ) 0 (114 .
(- ,y--) ifdy = min{dy, dy}
Gr aphi cs
Archimedean Spiral
i nner heliosphere near the plane of the solar equator, present
al ong a pat hway

For points in the,
ons travel

solar parti ¢l e transport ascume that the prot

models of
in the form of an Archimedean or Parker Spiral [11] given by

where & (which will be more fully discussed below) is related to the Archimedean

ie the distance from thd:gum to the point

;X; angle ®y with respect to that point" and a
, wo discuss how to graphically construct

in question divided by &. In what follows
the Archimedean spiral. Yor purposes of exposition, we will assume that t is in

6.The Archimedean angle with respect to a point 1 is defined as the angular distance that the sun rotates
is the angular ris

in the time it takes for a particle to go from the sun to T assuming it leaves the sun in a radial path.
rotation rate of the sun,

This is also expressed by the formula @, = o 1/V where o
the distance from the sun to the point and V is the speed of the particle.



the plane of the solar equator.’ The graph of the above function has the approximate
form as shown in Figure 4(a). The astronomical interpretation of this graph is
realized by embedding it in the sun-1 spatiality as shown in PFigure 4(b). The
correspondence of the labels o, B, N, and ¥ in diagrans (a) and (b) indicate the
fact that the spiral shape in (a) was flipped and rotated to obtain the orientation
as displayed in (b). The view in Figure I(b)is from a Northerly perspective. The
line indicated by d(sun,t) is the length of the line connecting the sun to the
point 1. The angle that the graph makes with the line connecting the sun with t is
interpreted as being ®a. The graphical creation of the cshape of the Archimedean
epiral thus has two reguirenents:

(1) 1t must be of the form as given by (15)

and

{(2) 1t nmust be such that when one end is placed at sun’s center and the other att,,,
as shown in Figure 4(b), its intersection with the solar eguator is at longitude
d, , the given calculated Archimedean angle for the point 17.Both (1) and (2) above
require the determination of he angle g. To thigs end, we note that, based on both

diagrams in Figure 4,

roo=a(l - @y (16)

d(,7) = af a7
El iminating a gives

L . I, 7, (]8)

7.7f 1 is not in the plane of the soler equator, we can visuslize rotating it into the solar eguat or and
going through the spiral construction reasoning identical to that which is enbedded in the following
discussion.The computationally visualized spiral for 1 in its original position is then obtained by
returning the rotated point t back to its original position with the constructed spiral attached where
its shape and orientation with respect to the solar egquatory in which it was constructed remain
unchargred.
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Cross mU) t ] plyirrg and expandi ng gives

f{7 L, - (i((}_)77')):1,(1’,\(1("),7> (]{))

resulting in

€ - T (20) .

The magnitude of the difference of the two angles is

wputations where real astronomical payameters are ueed,

However, in cases for graphical presentation, the relational magnitudes of distance
as related to planet size are considerably different from those used in realistic
computations characterizing colar physics. To facilitate display, the ratio of the

distance betwcen the sun and T to the radius of the sun may not. be that large,

implying that the Qifference hetween ®, and & is not that small thus justifying

the above treatment.

Vi sual configurations
Background

There are essentially two ways that VULCAN has of expressing solar flare data



to the user. The first ie intuitive. The second is analytical. Upon reception of
solar flare data, The former gives an immediste overall view of the solar flux
conditions at various points of the inner helicephere while the latter allows the
user to obtain more precise flux related datea at a point of his choosing. These
two modes of computational perception complement one another in the sense that the
point which the user chooses to analyze using the perspective afforded by the
second mode is generally influenced by the overall view of the flux intensities

displayed the {irst mode.

Solar System G aphics

Figure 5 gives the windows comprising the intuitive treatment of the solar
stem. The leftwmost window has a listing of the received flare events from
Roulder. Reading from left Lo right yields the number’, day and UT (Greenwhich Mean
Time) time of the event. The two coordinates at the end of each line are the
latitude and Jlongitude of the flare with respect to the ¢ point. The user chooses
the flare event of interest by double clicking on the event. This will be more
fully discussed in the following paragraphs. Note thalt the most recent events occuy
towards the bhottom of the list. For the display in this figure, event #1116 was
chosen.
1T he desires, the user can enter his own flare event by choosing the button
Fnter Flare kvent. When this is done, the screen appearing in the Jower right hand
corner appears with entries for the various f{lare parameters needed to run the
program. A subset of the parameters to be entered by the user are shown in the
diagram. When the user has filled in the desired values and clicks on the button-
named Add Event, the flare event is added into the electronic record of flare
events in the left-hand window.
Underneath the record of events is & listing of planets and spacecraft. The
user can determine whether or not the planet or spacecraft and its trajectory is

shown {in the screen to the upper right) by c¢licking ite corresponding box on{non-

&For usiter reference only.






white color) or off (white). The show plots box allows interface to the analytical
portion of the graphics, which will be discussed Jater. The upper right hand corner
of the screen is the solar system display window. It allows for the visualization
of the solar system {rom various angles of the user’s choosing. In the uppermost
panel of this window, the File menu allows the user to reset the visual display to
that of the most recent event. The Demos menu has 2 items. The first is Demo Mode.
When thig is chosen, the scolar system display automatically rotates with default
planetary settings to show the user the heliosphere from all angles and distances.
The second entry of the Demos menu is Show Forwation of Spiral. When thie is chosen,
the Demo Mode menu entry is automatically activated together with an overlying
display showing the dispersion of solar particles into the sclar system as a result
of the rotation of the sun and the =solar wind. The Grid menu has six entries:
Mercury, Venus, karth, Mars, Solar Fguator and Intersection. 1f a planet is
selected, then a grid containing the orbit if that planct is displayed. For the
Solar Bguator entry, a grid containing the plane of the solar equator is displayed.
Finally, Intersection represents the colored earth-sun planc as described earlier
in the paper and is displayed for any relative position between the earth and sun.
The Options menu has the entries Show Sun's Movemen!l, Show Archimedean Angle, Show
Spiral. Show Sun’s Movement ghows the rotation of the sun on its axie. FPor any
planet T, Show Archimedean Angle displays a line emanating from the sun‘s center
through the solar equator where the angle botween this line and the T-point is the
Archimedean angle with respect to 1. Show Spiral gives the Archimedean spiral
emanating from sun center to the varjous plancte and spacecraft in the display.
The Trancslation and Rotation of the solar system view with respect to the various
axes ig accomplished in the indicated windows. By using the sliders indicated by
hour day and year, the user can display thoe relative positions of the planets and
indicated by hour day and year, the user can display the relative pogitions of the
planets and spacecraft at various points ir time.When a flare event is selected,
the planets and spacecraft appearing in the solar system view automatically assume
their proper juxtaposition corresponding to the time of that event. The next window

has slots representing various user defined flux thresholds in ascending order of



serijousness. When a user selects a flare event from the flare events window, then
for each point seclected in the plancts and spacecraft panels, a flux graph is
generated yielding the proton flux for the 300 hours after the time of the selected
flare event. Given any chosen planet or spacecraft, 1, the color of the spiral
connecting the sun toe 1 is the color corrcesponding to the maximum valued useor
selected threshold which the maximum value of the flux graph’ of T exceeds. The
threshold values as shown were chosen for purposes of color illustration regarding
the spirals in the solar system panel display. In the solar system display panel,
the perspective shown is from the south pole of the sun. This is to optimize the
visibility of the flare which occurs in the southern hemisphere of the sun. The
view shown was obtained by using the aforementioned translation and rotation
panels. The other planets and spacecraft are not shown because of the ’‘closencas’
of the view of the inner heliosphere.

As can be seen by examining the spiral colors in Figure 5, the flux inten-
sitles are decreasing with increasing planetary distance oxcept for the case of
Venus. More precisely, the flux at Venus is greater than that at Mercury for these
particles. Consultation of the solar system graph inmediately Justifies this
seeming contradiction as it shows that the footpoint of the Archimedean spiral path
going from the sun to Venus is in the vicinity of the flare, whercas the footpoint

of the Mercury spiral is not.

Gr aphi cal User Inter face!

To yield further flux information regarding any of the planets or spacecraft
shown in the solar system display panel of Figqure %, a graphical user interface
was developed. A subset of the components of tlis interface is shown in Figure 6.
In the lower right hand panel, we see a listing of events, planets and spacecraft
similar to that shown in Figure 5 except that here there is a listing of proton
9.For each point 1, the graph used is that which represents the flux of pyotons at T which have eneray

> 30 MeV. Other Energy range options are available. This was chosern as the measurement of flux
intensities > 30 Mev are useful im determining the effects »f protons upon spacecraft egquipment .
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cnergy ranges in megavolts. The user obtains this encergy panel by clicking the

cnergy range button in the flare events window as shown in Figure H. Suppose that

the user wishes Lo find out exact flux values in the vacinity of Venus. He first
selects the flare evenl of interest (#82 for purposes of illustration and then
activates the Venus bulton. 7o sce an overlay of flux graphs for vari us encrgy
ranges at Venus, the user first clicks on the button corresponding to each range
of interest and then clicks on the Group button occurring at the bottom of the
energy window. A set of graphs then appears as displayed in the window directly
above the flare events window. The graphs are color coded, with the keys appearing
at the right hand side of the display. 1f the user selects the Single button then
a sel of windows will appear, one for each encrgy range selected. In cach window,
a single flux graph will appear corresponding to a presclected energy range. For
convenience we illustrate only twoe of these diagrans, one for protons falling in
the 0.8 to 1.2 megavolt range and one for protons in the 4.0 to 6.0 energy range.
Foreach energy range, we |ist the onset time' the time of {lare occurrence (UTM)
anti the t ime and value of max imum f lux . Since L ¢ user chose the Venus button, the
onset times and time of maximum flux are for Venus. For each window, 1,g plots are
available. The user also has the option of saving the diagram to a { le for easy
access.

Figure 7 gives a complete view of the sclar wind. In the actual program, the
correct moltion of the spirals as they extend to the inner heliosphere is modeled.

The t-sun plane as described carlier is also displayed.

Sunmmeary

We have developed a system which receives data in r1eal time from Boulder
Colorado and uses ephemerics data to predict the effects of solar flares on the
planets and spacecraft of the inner heliocsphere. PFurther, the system allows the
individual to enter events of his own construction or those on record to determine

what fluxes will result be they in Lhe past or future. Graphical user interfaces

10.7Time at which the protons reach the point of interest.







together with manipulable views of the solar system and color coding of proton {lux
paths facilitate experimentation with varicus parameters to determine how an
alteration of their values influence variations on the distribution of solar

particles at points in or near the solar systom.
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